There is a growing concern about human factors in green building, which is imperative in high-rise high-density urban environments. This paper describes our attempts to explore the influence of workplace green features (such as green certification, ventilation mode, and building morphology) on health perceptions (personal sensation, sensorial assumptions, healing performance) based on a survey in Hong Kong and Singapore. The results validated the relationship between green features and health perceptions in the workplace environment. Remarkably, participants from the air-conditioned offices revealed significant higher concerns about health issues than those participants from the mixed-ventilated offices. The mixed-ventilation design performs as a bridge to connect the indoor environment and outdoor space, which enables people to have contact with nature. Additionally, the preferred building morphology of the workplace is the pattern of a building complex instead of a single building. The complex form integrates the configuration of courtyards, podium gardens, green terrace, public plaza, and other types of open spaces with the building clusters, which contributes to better health perceptions. This research contributes to the rationalization and optimization of passive climate-adaptive design strategies for green buildings in high-density tropical or subtropical cities.
Introduction
There is a growing concern about human factors in green building development [1] . Occupant behavior is a driving factor of energy use in office buildings, which depends on the comfort criteria of personal choice [2] . Overtime is a common phenomenon in contemporary societies that triggers serious encumbrance of energy saving [3] , as well as occupants' well-being [4] . The fact that employees are the biggest expense in an office operation has compelled organizations to improve health, well-being, and productivity via optimization of workplace environments: daylighting, natural ventilation, natural view, open space, places of respite, and other comforts [5] [6] [7] [8] . These healthy office design strategies have been addressed in a number of leading green building rating systems [9] such as U.S. LEED, China Green Building Evaluation standard, Hong Kong BEAM Plus, and Singapore Green Mark (Table 1) . These green features are well articulated: the mission to maximize health, well-being, and productivity outcomes is compatible with or even enhanced by strategies to minimize energy and resource uses.
Encourage the building design to facilitate good natural ventilation with a minimum average wind velocity of 0.6 m/s within the functional space/units.
Daylight and View Quality LEED V4 Building Design and Construction
To connect building occupants with the outdoors, reinforce circadian rhythms, and reduce the use of electrical lighting by introducing daylight into space.
To give building occupants a connection to the outdoor environment by providing quality views with a direct line of sight to the outdoors via vision glazing for 75% of all regularly occupied floor area. View glazing in the contributing area must provide a clear image of the exterior.
BEAM Plus New Building V1.2
Encourage a holistic examination of site layout, building design, and fenestration design, such as to maximize access to daylight for improved health and comfort.
Green Mark New Building V4.1
Encourage design that optimizes the use of effective daylighting to reduce energy use for artificial lighting.
Green Space

LEED V4 Building Design and Construction
Provide outdoor space greater than or equal to 30% of the total site area (including building footprint). A minimum of 25% of that outdoor space must be vegetated (turf grass does not count) or have overhead vegetated canopy.
BEAM Plus New Building V1.2
Using pervious materials for a minimum of 50% of hard landscaped areas; providing appropriate planting on site equivalent to at least 30%/40% of the site area.
Provision of greenery within the developments including rooftop/sky garden and a green roof. Green Plot Ratio is calculated by considering the 3D volume covered by plants (Leaf Area Index).
Programmes and Amenities
LEED V4 Building Design and Construction
To promote walkability, transportation efficiency and reduce vehicle distance traveled; to improve public health by encouraging daily physical activity.
BEAM Plus New Building V1.2
Providing at least three amenity features that enhance the quality and functionality of a building to the benefit of building users, i.e., recreational facilities, balconies, common areas, etc.
Previous studies have drawn attention to the interrelations between the workplace environment and occupants' health and well-being outcomes. Based on the theories of environmental psychology, the immediate environment and green features of open space adjacent to the workplace contribute to the occupants' use behaviors and health perceptions [10] [11] [12] . However, the intermediating causal links between the objective built environment and subjective health perception in the workplace are less discussed. This research aims to investigate the following two questions: (a) What are the differences of health perceptions among occupants in the workplace with diverse green features? (b) What are the correlations between occupants' health perceptions and the green features in the workplace environment? An empirical study has been conducted in high-rise high-density Asian cities (Hong Kong and Singapore) to explore the two questions. The high pressure of rapid urbanization and overpopulation concentration in southeast Asian cities has facilitated a high-density compact urban form, which triggers serious concerns over human health and life quality. The significance of health promotion in the workplace has become increasingly valued by private and public organizations, who recognize the essentiality of a healthy, qualified, and motivated workforce in future globalizing competitions [13] . This research contributes to promote the health perceptions of office occupants in high-density tropical or subtropical cities by rationalizing and optimizing passive climate-adaptive design strategies in office buildings design.
Materials and Methods
Literature Review
It is notable that green certification may affect the perceived health evaluation of building occupants [14] [15] [16] . The green-certified buildings employed a set of strategies that could improve occupants' satisfaction both physically and psychologically [17] [18] [19] . Among green building strategies, natural ventilation is usually prioritized as an effective strategy for reducing energy cost and enhancing indoor environmental quality [20] . Seppänen et al. evaluated the quantitative relationship between work performance and ventilation rate and concluded that fresh air could reduce tiredness and promote the efficiency of decision-making [21] . Another large-scale questionnaire survey disclosed that occupants in the mechanical ventilation-based open-plan offices were more likely to perceive thermal discomfort, poor air quality, noise, and negative symptoms than those occupants in natural ventilation offices [22] . In addition to fresh air and indoor environmental quality, windows can bring sunlight and views of nature, generating greater work satisfaction [23] and release work-related stress [24] . Lottrup et al. found that the employees' physical and visual access to workplace greenery was associated with a positive workplace attitude and decreased level of stress [25] . Leather et al. also identified that windows in a workplace brought a view of trees, flowers, and other natural elements, which mitigated the negative impact of job stress on staff turnover rate and promoted effects on general well-being [24] .
The previous studies interpreted the benefits of building and nature integration and the interrelations between indoor and outdoor domains; however, some indecisive issues of the current workplace studies required further exploration. For example, building morphology, such as individual building or building cluster, and property program (i.e., commercial setting or institutional setting) seldom came into considered in the investigations. Building morphology is associated with the facility program and spatial arrangement. The pattern of building morphology is intimately associated with the configuration of green space [26] . Based on the combination of high-rise towers and podiums, it is available to create courtyards, podium/sky gardens, green roof, among others, for health promotion and energy conservation [27, 28] . Specifically, high quality, mixed-use building complexes with available amenities and services are highly beneficial to office occupants [1] and conducive to work stress reduction [4] . Additionally, the building layout and spatial arrangement can regulate the onsite environmental performance [29, 30] . On the other hand, the perceived work stress and environmental evaluations can be discrepant among different professional groups and property programs, which are located among the commercial offices and academic institutions [31] . Particularly, Bowen et al. identified that the stress level in a commercial workplace, (i.e., construction consultant) was significantly and inversely associated with the work environment among the criteria of job demand, job control, and support variables [32] . Another study found that architectural and environmental design features and strategies in institutional environments could alleviate stress and promote restoration [33] .
Based on the aforementioned literature review, the green features of the workplace selected were green certification, ventilation mode, visual connection to outdoors, building morphology, and property program. The research hypotheses are proposed as follows: (1) health perceptions are differing between certified green buildings and non-green buildings; (2) health perceptions are differing between air-conditioned and mixed-ventilated buildings; (3) health perceptions are differing between offices with and without visual connections to outdoor green space; (4) health perceptions are differing between single buildings and building clusters; and (5) health perceptions are differing between commercial and institutional settings. 
Data Collection
Fourteen cases were investigated in the cross-sectional questionnaire survey, which are located in the high-rise high-density urban context and adjacent to a green space or an open area. The details of building information are summarized in Table 2 . The names of buildings were not disclosed in this article due to research ethics and consent forms signed by the building owners and participants. A total of 413 eligible occupants completed the survey. The criteria of selection of participants were limited to those occupants who worked daily for eight hours or above and had been in the same workplace for more than six months. The demographic profiles of the participants are summarized in Table 3 Table 4 . Specifically, 51.1% of the respondents (n = 211) came from commercial settings (i.e., regular office towers) while the rest were from institutional settings (i.e., research centers or educational campuses); 59.3% of the respondents (n = 245) occupied certified green offices, while the rest were in non-green offices; 53.3% of the respondents (n = 220) worked in mixed-ventilation (combining both air-conditioning and natural ventilation) offices, while the remainder worked in air-conditioned offices; 47.2% of the respondents (n = 195) declared visual connection to outdoor green space from their workstation, while the remainder worked without visual connection to outdoor green space; 54.0% of the occupants' offices (n = 223) were located in building clusters with complex morphologies, while the rest were in single buildings with simple morphologies. 
Structure of Measurement
A self-administrated questionnaire was employed to test the divergence of health perceptions regarding diverse green features. In this research, the reference of "heal" refers to the alleviation of stress and the ability of the environment to soothe and restore one's mental and emotional health, rather than the idea of curing a person [34] . This research measures health perceptions using three categories: personal sensation, sensorial assumptions, and healing performance (Table 5) . Twelve variables were configured in this survey to place the occupants' health perceptions into the three categories. Firstly, personal sensation represents the physical and psychological well-being relevant to the status of overall health [35] . Secondly, sensorial assumption indicates the appreciation of human perception in the built environment of everyday life [36] . It queries the perceived healing perceptions of sensorial stimulations, including the visual connection with nature [24] , landscape aesthetics design [37] , auditory design [38] ,
6 of 16 olfactory design [36] , haptic design [39] , gustatory design [40] , and thermal comfort design [29] . Thirdly, healing performance reflects the quality of spatial merits and requirements from occupants [41] . The function of meditation and relaxation in the healing environment were included to define the therapeutic environment [42] . Therefore, healing space could be integrated into the daily workplace, which helps distract occupants from negative sentiments and pressures, and fosters mind restoration and emotional well-being. The survey used a 5-point Likert scale, where 1 was "no concern" and 5 was "strong concern". "Concern" means something that aroused their attentions and should be improved. So, the higher concern, the more negative the perception. 1 No concern to 5 Strong concern Aesthetics (LA)
1 No concern to 5 Strong concern Auditory perception (AP)
1 No concern to 5 Strong concern Olfactory perception (OP)
1 No concern to 5 Strong concern Haptic perception (HP)
1 No concern to 5 Strong concern Gustatory perception (GP)
1 No concern to 5 Strong concern Thermal comfort (TC)
1 No concern to 5 Strong concern Healing Performance Meditation and relaxation (MR)
1 No concern to 5 Strong concern Healing efficacy (HE)
1 No concern to 5 Strong concern Healing requirement (HR)
1 No concern to 5 Strong concern
Cronbach's alpha for the twelve variables is 0.888, which indicates a high consistency between these variables. According to the correlation analysis, all the indicators are strongly and positively correlated with each other (Table 6 ). Therefore, the three indices are summarized based on grouped standard scores (Z-scores) after standardizing from the individual variables of each item [18] . The Z-scores reveal the divergence between an individual score and the mean value (i.e., a positive score represents the data above the group mean while a negative score refers to the data below the group mean) [43] . The formula of Z-score is presented in Equation (1) [44] , where X stands for an individual score of each participant, µ is the mean value of each variable, and σ refers to the standard deviation of each item. Table 6 . Correlations between overall health perception (n = 413). 
Therefore, the sensation index is calculated in Equation (2):
Hence, the assumption index is calculated in Equation ( 
Accordingly, the performance index is calculated in Equation (4):
Delimitations and Limitations
Different from previous research focusing on indoor environmental qualities and related building services controls of workplaces, this research addresses the impact of general work environments (both indoors and outdoors) on health perceptions, especially sensorial experience. Limitations of this work are related to the method and a number of relevant issues: (1) the analysis did not consider the potential impact of the age of the building and the psychological effect on people of being a new or new-looking building; (2) although health status as an item was included in the questionnaire, the analysis did not consider other subjective factors (e.g., moods, backgrounds, and family relations) that might influence their perceptions; and (3) the survey established a general link between green features and health perceptions, however, this link needs more in-depth investigation to identify in what way the subjects were concerned with their environment.
Results
Independent t-test was employed to identify whether differences of health perception were significant between the diverse categories of green features. The t-test is a statistical approach to compare means between unrelated groups on the same continuous variable [43] . The p value was set at the 0.05 level to indicate statistical significance. The quantitative data was processed and analyzed using IBM SPSS Statistics Version 23.0.
Comparison of Green Features
4.1.1. Green Certificate Table 7 compares mean scores and standard deviations between respondents from the certified green buildings and non-green buildings. It is observed that the non-green group reported higher scores on most of the items than the green group. The results indicated that there is no statistical difference of the three indices between the green group and non-green group. In a detailed analysis, the results have confirmed that occupants from the non-green buildings revealed higher concerns on thermal comfort (p = 0.019) and meditative therapy (p = 0.047) in their workplaces. However, there is no significant difference in personal sensation, healing perception, and other sensorial assumptions between the green group and non-green group. In sum, the divergences between participants from the green buildings and non-green buildings are focused on the (1) concern of thermal comfort in sensorial assumptions and (2) meditation therapy in healing performance. Table 8 shows the divergences between the two kinds of ventilation mode, viz. air-conditioning (AC) and mixed-ventilation (MV). Overall, participants from the AC group reported higher concerns than the MV group on personal sensation, healing performance, and, most of all, sensorial assumptions. Based on the t-test, it is observed that the sensation index fails Levene's Test of the null hypothesis of equal variances. The performance index is significantly higher in the AC group than in the MV group (p = 0.003). However, there is no statistical difference of the assumption index between the two groups. Further analyses revealed that the AC group reported higher concerns with visual connection with nature (p = 0.006), aesthetics (p = 0.011), and auditory stimulation (p = 0.020). However, participants from the MV buildings were concerned with thermal comfort more significantly than those from the AC group (p < 0.000). Also, the AC group reported greater concerns with meditative therapy (p = 0.036), healing efficacy (p = 0.009), and requirement of healing space (p = 0.003) in the workplace than those from the MV group. In sum, the influence power of ventilation mode could significantly impact human perception mostly on the variables of personal sensation, sensorial assumption, and healing performance of the environmental settings. Table 9 presents the potential divergences of health perception between the two building morphologies (i.e., cluster building and individual building). It is verified that compared with the individual group, participants from the cluster group reported slightly higher concerns for personal sensation and healing performance, but slightly lower concerns for the sensorial assumption. According to the t-test, there are no statistical differences between the three integrated indices. The detailed analyses testified that participants from the individual group revealed higher concerns for thermal comfort than the occupants from the cluster group (p < 0.000). However, there is no significant difference in other health-oriented variables. In sum, the morphology of buildings could significantly impact the perceived thermal comfort in the workplace, but with limited influence on the occupant perception of other environmental sensorial stimulations. Based on the data analysis, it is observed that there is no significant difference in health perceptions between the criteria of property program and visual connection. This finding suggested that for the commercial company and research institution, the perceived health evaluation of the occupants might be analogous to each other as far as the computer-based workplace is concerned. On the other hand, due to the various layout plans and orientations, the status of natural view from one's workstation might be discrepant within the same workplace. Moreover, some respondents work in an unfixed position whose workstation could be changed from time to time. Therefore, the visual connection to outdoors from the workstation might not be determinate for the environmental assessment in this research.
Ventilation Mode
Building Morphology
Healing Perception vs Green Features
The evaluations of thermal comfort are significantly different regarding the building certification, ventilation mode, and morphology ( Figure 1 ). It is remarkable that the occupants of non-green buildings revealed higher concern for thermal comfort of microclimate conditions than those from the green buildings. The result indicates that the quality of thermal comfort might be better in green buildings than non-green buildings. Second, the respondents from mixed ventilated buildings were more concerned about the thermal comfort than those from the AC buildings in both cities. Since natural ventilation is available in the mixed ventilation office, occupants behaved more sensitively towards thermal comfort than those who work in the AC office. Third, the occupants from single buildings showed a higher concern for thermal comfort than those from complex buildings in both cities. The spatial arrangement in building clusters was usually associated with a series of shaded open space (i.e., courtyard, podium garden, etc.), which significantly promotes a shading effect and reduces excessive solar heat gains in workplace environments.
certification, ventilation mode, and morphology (Figure 1) . It is remarkable that the occupants of nongreen buildings revealed higher concern for thermal comfort of microclimate conditions than those from the green buildings. The result indicates that the quality of thermal comfort might be better in green buildings than non-green buildings. Second, the respondents from mixed ventilated buildings were more concerned about the thermal comfort than those from the AC buildings in both cities. Since natural ventilation is available in the mixed ventilation office, occupants behaved more sensitively towards thermal comfort than those who work in the AC office. Third, the occupants from single buildings showed a higher concern for thermal comfort than those from complex buildings in both cities. The spatial arrangement in building clusters was usually associated with a series of shaded open space (i.e., courtyard, podium garden, etc.), which significantly promotes a shading effect and reduces excessive solar heat gains in workplace environments. As shown in Figure 2 , it is verified that the concern for meditation and relaxation could be influenced by building certification and ventilation mode, respectively. Occupants from non-green buildings showed a greater need for meditative function in workplaces than those from the green buildings. Likewise, the participants from AC group showed their needs were greater for natural therapy than those from the MV group. As shown in Figure 2 , it is verified that the concern for meditation and relaxation could be influenced by building certification and ventilation mode, respectively. Occupants from non-green buildings showed a greater need for meditative function in workplaces than those from the green buildings. Likewise, the participants from AC group showed their needs were greater for natural therapy than those from the MV group.
As shown in Figure 2 , it is verified that the concern for meditation and relaxation could be influenced by building certification and ventilation mode, respectively. Occupants from non-green buildings showed a greater need for meditative function in workplaces than those from the green buildings. Likewise, the participants from AC group showed their needs were greater for natural therapy than those from the MV group. As shown in Figure 3 , it is notable that the evaluation between AC group and MV group on healing efficacy and healing requirements in the workplace environment is significantly different. The occupants from AC buildings revealed remarkably higher concern for healing efficacy than those from MV buildings. The score gap between the AC group and MV group is even larger from the perspective of healing requirement. The results demonstrate that participants from AC buildings are longing for the natural restoration and fresh air in the high-rise and high-density Asian context. As shown in Figure 3 , it is notable that the evaluation between AC group and MV group on healing efficacy and healing requirements in the workplace environment is significantly different. The occupants from AC buildings revealed remarkably higher concern for healing efficacy than those from MV buildings. The score gap between the AC group and MV group is even larger from the perspective of healing requirement. The results demonstrate that participants from AC buildings are longing for the natural restoration and fresh air in the high-rise and high-density Asian context. 
Discussion
This paper presents a comparative analysis of health perceptions between diverse building green features. The overall outcomes of the individual comparisons are summarized in Table 10 . The results identified that the ventilation mode between mixed-ventilation and air-conditioning dominated the overall health perception, while the criteria of building certification and building morphology partially influenced the sensorial perception in the workplace. 
Green
Building 
Discussion
Green Features
Building certification -
Health evaluation impacted by the selected variables; -: Health evaluation doesn't impact by the selected variables; PF-physical feeling; PP-psychological perception; VC-visual connection; LA-landscape aesthetics; AS-auditory stimulation; OS-olfactory stimulation; HS-haptic stimulation; GS-gustatory stimulation; TC-thermal comfort; MR-meditation and relaxation; HE-healing efficacy; HR-healing requirement.
The divergence of personal sensation and sensorial assumption reflect the different perceptions between natural ventilation and air-conditioning. Previous studies verified that natural ventilation promoted significant merits for human health and performance in the diverse layout of workplace settings compared with the mode of air-conditioning [21] . The inferior ventilation affected by a poor air-conditioning system and the absence of natural ventilation could lead to heterogeneous air temperature and humidity in the indoor environment, as well as inadequate oxygen provision from personal perceptions [6, 45] . Further, the operable window in the mixed-ventilation system enabled the occupants to regulate the ventilation rate of fresh air and control the exchange of thermal comfort with the outdoor space [1, 6] . Primarily, the evaluation of healing performance could be influenced by the innate attachment between human and nature. Besides the indoor air quality enhancement [14] and energy conservation promotion [20] , the mixed ventilation (MV) design performs as a bridge to connect the indoor environment and outdoor green space. The perception of naturally ventilated space enables people to connect with nature through the sound of birds and the wind, as well as the change of weather and time [46] , which is consistent with the Biophilia hypothesis that there is an instinctive affinity between human beings and other living systems [47, 48] .
Furthermore, the influences of other green features (i.e., green certification, building morphology, property program, and visual connection) are limited. Although this research verified the superior quality of green buildings that stipulate the workplace environmental quality [14, 49, 50] , further details of site configurations and features are requested to be present. The healing performance of built environments (between the complex building and the single building) should be further examined. The findings further suggested that the professionals of the program settings did not significantly influence the perceived health evaluations, based on the feedbacks of the occupants. It could be inferred that the psychological pressures on the computer-based workplaces are analogous among the diverse professionals who are well-educated, possess specialized knowledge, and cope with the social responsibility [51] . On the other hand, due to the various layout plans and orientations, the status of visual connection to outdoors from one's workstation might be discrepant in the same workplace. Some respondents work in an unfixed position whose workstation could be changed from time to time. Therefore, the visual connection to outdoors from the workstation might not be determinate for the health perception in this research.
Conclusions
This paper presents a comparative study of health perception in the workplace towards between diverse green features in the high-density subtropical and tropical Asian context. The study validates that the associations of the green features in the corresponding urbanscape could significantly impact perceived health evaluations in workplace settings. Remarkably, the criteria of ventilation mode could significantly affect the occupant's concern of personal sensation, sensorial assumption, and healing performance. The mixed-mode ventilation system is recommended for the workplace, rather than the air-conditioning ventilation system. Most importantly, the perception of natural ventilation has endowed people the circadian rhythm from outdoor space through the sound of birds and the wind, and the changes of weather and time. Further, the enhanced landscape and greenery regulations in the green buildings could significantly alleviate the negative perception of microclimate conditions in the environmental perception, more so than the non-green buildings. Additionally, the preferred building morphology of the workplace is the pattern of a building complex instead of a single building. Besides the mixed services and facilities, the complex form integrates the configuration of courtyards, podium gardens, green terrace, public plaza, and other such spaces with the building clusters, which contribute to better spatial perceptions.
Under the great challenges of limited land resource, overpopulation concentration, and restricted climate conditions in the high-density Asian context, the authors suggest that the strategies mentioned above are of great importance to the clients, professionals, and managers in workplace design, construction, and management.
